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#bi`+i
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/m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K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i2/ rBi? bvMi?2iB+ iBK2 b2`B2b #v mM/2`iFBM; b2H2+iBp2 `M/QKBbiBQM Q7
rp2H2i T?b2b mbBM;  /mH@i`22 +QKTH2t rp2H2i i`Mb7Q`KX h?i Bb- i?2 φ = 0 2M/
Q7 i?2 +QMiBMmmK Bb `2HBb2/ mbBM; i?2 `2+2MiHv T`QTQb2/ Bi2`i2/- KTHBim/2 /Dmbi2/
rp2H2i i`Mb7Q`K H;Q`Bi?K (E2vHQ+F- *X CX kyRdX S?vbX _2pX 1 N8- yjkRkj) i?i 7mHHv
`M/QKBb2b i?2 rp2H2i T?b2bX h?Bb Bb 2ti2M/2/ iQ i?2 :J_ 7Q`KmHiBQM #v b2H2+iBp2
T?b2 `M/QKBbiBQM /2T2M/BM; QM r?2i?2` Q` MQi i?2 rp2H2i +Q2{+B2Mi KTHBim/2b 2t@
+22/b  i?`2b?QH/ +`Bi2`BQMX M 2+QMQT?vbB+b TTHB+iBQM Q7 i?2 i2+?MB[m2 Bb T`2b2Mi2/X
h?2 `2HiBQM #2ir22M i?2 MQ`KHBb2/ HQ;@`2im`Mb M/ i?2B` >ƺH/2` 2tTQM2Mib 7Q` i?2 /BHv
`2im`Mb Q7 2B;?i }MM+BH BM/B+2b `2 +QKT`2/X PM2 T`iB+mH`Hv MQiB+2#H2 `2bmHi Bb i?2
+?M;2 7Q` i?2 irQ K2`B+M BM/B+2b ULa.Z Ryy M/ aS 8yyV 7`QK  MQM@bB;MB}+Mi
iQ  bi`QM;Hv bB;MB}+Mi Ub /2i2`KBM2/ mbBM; :J_V +`Qbb@+Q``2HiBQM #2ir22M i?2 `2@
im`Mb M/ i?2B` >ƺH/2` 2tTQM2Mib 7`QK #27Q`2 i?2 kyy3 +`b? iQ 7i2`r`/bX h?Bb Bb HbQ
`2~2+i2/ BM i?2 bF2rM2bb Q7 i?2 T?b2 /Bz2`2M+2 /Bbi`B#miBQMb- r?B+? 2t?B#Bi  ;2Q;`T?B@
+H bi`m+im`2- rBi? bBM K`F2ib MQi 2t?B#BiBM; bB;MB}+Mi bF2rM2bb BM +QMi`bi iQ i?Qb2
7`QK 2Hb2r?2`2 ;HQ#HHvX
E2vrQ`/b, qp2H2ib- KmHiB7`+iH- >ƺH/2` 2tTQM2Mi- bm``Q;i2 /i- 2+QMQT?vbB+b
RX AMi`Q/m+iBQM
 rB/2 `M;2 Q7 /i ?p2 #22M MHvb2/ BM i2`Kb Q7 i?2B` KmHiB7`+iH T`QT2`iB2bX
h?2b2 BM+Hm/2 im`#mH2M+2 (R- k)- 2+QMQKB+ iBK2 b2`B2b (j- 9- 8)- `BM7HH /i M/ HM/@
b+T2 bm`7+2b (e- d)- BK;2b (3)- M/ K2/B+H iBK2 b2`B2b (N- Ry)X *?`+i2`BxBM; i?2
KmHiB7`+iHBiv BM i2`Kb Q7 i?2 p`BiBQM Q7 TQBMirBb2 >ƺH/2` 2tTQM2Mib- αp(x, t) T`QpB/2b
1KBH //`2bb, +XF2vHQ+F!b?2{2H/X+XmF U*?`BbiQT?2` CX E2vHQ+FV
S`2T`BMi bm#KBii2/ iQ S?vbB+ . CMm`v 3- kyR3
HQ+H BM7Q`KiBQM UBM iBK2 Q` bT+2V QM i?2 b+HBM; #2?pBQ` Q7  bB;MH M/- i?mb- ?Qr
i?2 2M2`;v Q7 i?2 T?2MQK2MQM mM/2` +QMbB/2`iBQM Bb i`Mb72`2/ iQ bKHH b+H2b M/ /Bb@
bBTi2/X  ;HQ#HHv mMB7Q`K- +QMbiMi >ƺH/2` 2tTQM2Mi- `Bb2b BM  "`QrMBM KQiBQM
r?2`2 αˆp(x, t)⟩ = 0.5- Q` 7`+iBQMH "`QrMBM KQiBQM r?2`2 0 < αˆp(x, t) < 1 (RR)- r?2`2i?2 ?i BM/B+i2b  pHm2 i?i Bb +QMbiMi 2p2`vr?2`2 U2Bi?2` i?2Q`2iB+HHv Q` iQ i?2 T`2@
+BbBQM Q7 i?2 2biBKiBQM T`Q+2/m`2VX aB;MB}+Mi /2T`im`2 7`QK bm+?  b+2M`BQ H2/b
iQ BMi2`KBii2Mi #2?pBQm` r?2`2 H`;2 +?M;2b +M bm//2MHv #2+QK2 KMB72bi #2+mb2
αp ≪ ⟨αp⟩- r?2`2 i?2 M;H2/ #`+2b BM/B+i2 i?2 p2`;2 Q7  [mMiBiv i?i p`B2b KQ`2i?M 2biBKiBQM T`2+BbBQMX aiQ+?biB+ T`Q+2bb2b rBi?  `M;2 Q7 >ƺH/2` 2tTQM2Mib +M
#2 `2HBb2/ #v KmHiB7`+iBQMH "`QrMBM KQiBQMb (Rk)- biQ+?biB+ +b+/BM; KQ/2Hb 7Q`
rp2H2i +Q2{+B2Mib (Rj)- Q` 7`QK  6QFF2`@SHM+F KQ/2H 7Q` i?2 bB;MHǶb BM+`2K2Mib (R9)X
"2BM; #H2 iQ T`2/B+i i?2b2 T2`BQ/b Q7 mM+2`iBMiv Bb Q7 Q#pBQmb BKTQ`iM+2 BM ?2KQ@
/vMKB+b- Q` 2+QMQT?vbB+b- M/ i?2`2 ?b #22M  bB;MB}+Mi +Q`Tmb Q7 rQ`F QM i?2 KmH@
iB7`+iH MHvbBb Q7 }MM+BH iBK2 b2`B2b (R8)X "`Q/Hv bT2FBM; i?2b2 7HH BMiQ }p2 KBM
ivT2b Q7 bim/v,
RX JmHiB7`+iH bi`m+im`2 Q7 K`F2ib (Re- Rd)c
kX J`F2i M/ BM7Q`KiBQMH 2{+B2M+v (R3- RN)c
jX oQHiBHBiv 7Q`2+biBM; (ky- kR)c
9X SQ`i7QHBQ HHQ+iBQM (kk)c M/-
8X >B;? 7`2[m2M+v i`/BM; MHvb2b (kj)- H2/BM; iQ pQHiBHBiv ?2/;BM; KQ/2Hb (8)X
h?2 i2+?MB[m2 /2p2HQT2/ BM i?Bb TT2` Bb T2`?Tb Q7 ;`2i2bi `2H2pM+2 iQ rQ`F BM i?2
}`bi- i?B`/ M/ }7i? Q7 i?2b2X
JQ`2 ;2M2`HHv- +?`+i2`BxBM; BMi2`KBii2M+v +M T`QpB/2 +Hm2b b iQ i?2 T?vbB+H
T`Q+2bb2b ;Qp2`MBM; bvbi2K #2?pBQ`- T2`KBiiBM; KQ/2Hb Q7 T`iBHHv bT2+B}2/ Q` +QKTH2t
bvbi2Kb iQ #2 +QMbi`m+i2/ (k9- k8- ke)X am+? MQMHBM2` T?2MQK2M `2 MQi Hrvb `2/BHv
K2M#H2 iQ MHvbBb #v +QMp2MiBQMH biiBbiB+H ?vTQi?2bBb i2biBM;- v2i ;Bp2M  /ib2i Q7
Q#b2`piBQMb- T`iB+mH`Hv B7 i?2v `2 2tT2MbBp2 iQ Q#iBM Q` `2 BMi`BMbB+HHv mMB[m2 U7Q`
2tKTH2  `BM7HH `2+Q`/ i  TQBMi Q` i?2 ?BbiQ`v Q7 i`/BM; T`B+2b 7Q`  +QKTMvV- Bi
Bb MQi Hrvb TQbbB#H2 iQ Q#iBM `2THB+i2bX h?2`27Q`2- i?2 K2i?Q/ Q7 bm``Q;i2 /i rb
/2p2HQT2/ #v h?2BH2` M/ +Q@rQ`F2`b (kd) rBi?BM MQMHBM2` T?vbB+b iQ T`QpB/2  K2Mb iQ
Q#iBM #QQibi`TT2/ +QM}/2M+2 BMi2`pHb QM Q#b2`piBQMb i?i rQmH/ T2`KBi i?2 i2biBM;
7Q` MQMHBM2` 2z2+ib bm+? b i?2 2tBbi2M+2 Q7 KmHiBTH2 pHm2b 7Q` i?2 >ƺH/2` 2tTQM2Mib BM
QM2 /ib2iX 6`QK i?2 T2`bT2+iBp2 Q7 i?2 `2}M2/ bm``Q;i2 /i H;Q`Bi?K Q7 a+?`2B#2`
M/ a+?KBix (k3)- bm``Q;i2b `2 +QMbi`m+i2/ iQ Ki+? i?2 ?BbiQ;`K Q7 i?2 /i pHm2b
M/ iQ +QMp2`;2 bvKTiQiB+HHv QM i?2 6Qm`B2` KTHBim/2 bT2+i`mK Q7 i?2 Q`B;BMH /i-
rBi? i?2 6Qm`B2` T?b2b `M/QKBx2/X >2M+2- Mv MQMHBM2` bi`m+im`2 BM i?2 /i bm+? b
BMi2`KBii2M+v- rBHH QMHv #2 T`2b2`p2/ #v +?M+2 BM i?2 bm``Q;i2bX /QTiBM;  bB;MB}+M+2
H2p2H- a- M/  irQ@iBH2/ biiBbiB+H i2bi- B7 (2/a)−1 bm``Q;i2b `2 ;2M2`i2/ M/ i?2 pHm2
7Q` i?2 /i QM i?2 +?Qb2M K2i`B+ UT2`?Tb bQK2 K2bm`2 Q7 i?2 /BbT2`bBQM Q7 i?2 >ƺH/2`
2tTQM2Mib bm+? b i?2B` `M;2 Q` biM/`/ /2pBiBQMV Bb QmibB/2 i?i 7Q` i?2 bm``Q;i2b-
i?2M  bB;MB}+Mi /Bz2`2M+2 Bb /22K2/ iQ 2tBbiX
am+? ?vTQi?2bBb i2bib vB2H/  #BM`v `2bmHi bQ i?2`2 2Bi?2` Bb- Q` Bb MQi-  bB;MB}+Mi
/Bz2`2M+2 #2ir22M i?2 /i M/ HBM2`Bb2/ bm``Q;i2bX :Bp2M irQ /ib2ib r?2`2 i?2
k
MmHH ?vTQi?2bBb ?b #22M `2D2+i2/- Bb QM2 Q7 i?2K KQ`2 +QKTH2t i?M i?2 Qi?2` #b2/ QM
i?2 K2i`B+ mb2/ iQ /2i2`KBM2 MQMHBM2`Biv (kN)\ h?Bb [m2biBQM +M #2 Mbr2`2/ mbBM; i?2
;`/mH rp2H2i `2+QMbi`m+iBQM U:q_V TT`Q+? (jy)- r?2`2 `i?2` i?M bQH2Hv 2KTHQvBM;
 6Qm`B2` /QKBM@#b2/ `M/QKBbiBQM-  b2i KQmMi Q7 T?b2 BM7Q`KiBQM Bb HQ+F2/
BM TH+2 #27Q`2 `M/QKBbiBQM mbBM;  rp2H2i i`Mb7Q`K (jR)X o`vBM; i?2 T`QTQ`iBQM
Q7 rp2H2i 2M2`;v }t2/ BM i?2 bm``Q;i2 /i- ρ- 7`QK y Ua+?`2B#2` M/ a+?KBix@ivT2
bm``Q;i2V iQ R Ui?2 Q`B;BMH /i rBi?Qmi Mv +?M;2V M/ ;2M2`iBM; bm``Q;i2b i 2+?
ρ K2Mb i?i i?2 ?vTQi?2bBb +M #2 i2bi2/ ;BMbi  +QMiBMmmK /2}M2/ #v ρX qBi? i?Bb
:q_ K2i?Q/ Bi Bb i?2M TQbbB#H2 iQ
Ç h2bi i?2 `2HiBp2 +QKTH2tBiv Q7 /Bz2`2Mi /i b2`B2b mbBM; i?2 bK2 K2i`B+ (jk- jj)c
Ç "QQibi`T /i rBi? i?2 `B;?i /2;`22 Q7 MQMHBM2`Biv T`2b2`p2/ BM i?2 bm``Q;i2b
(j9)c
Ç .2}M2 #QmM/`v +QM/BiBQMb 7Q` MmK2`B+H KQ/2Hb M/ 2tKBM2 i?2 2z2+ib QM i?2
bBKmHiBQM b  7mM+iBQM Q7 ρ (j8)c M/
Ç h2bi i?2 `2HiBp2 b2MbBiBpBiv Q7 /Bz2`2Mi K2i`B+b Q7 MQMHBM2`Biv QM  T`iB+mH`
/ib2i (jy)X
:Bp2M i?i i?2 ρ = 0 bm``Q;i2b BM :q_ `2KQp2 KmHiB7`+iH +?`+i2`BbiB+b- i?Bb 7Q`Km@
HiBQM Bb p2`v mb27mH 7Q` bim/vBM; i?2 T`QT2`iB2b Q7 KmHiB7`+iH bB;MHb b  7mM+iBQM Q7 ρX
6Q` 2tKTH2- M MHvbBb Q7 i?2 p2HQ+Biv BM+`2K2Mib BM im`#mH2M+2 ?B;?HB;?i2/ i?2 BKTQ`@
iM+2 Q7 irQ U7`QK 7Qm`V T`K2i2`b BM  6QFF2`@SHM+F KQ/2H 7Q` i?2b2 BM+`2K2Mib 7Q`
i?2 MQMHBM2` bi`m+im`2 Q7 im`#mH2M+2 (je)X :`/mH rp2H2i `2+QMbi`m+iBQM b?Qr2/ #Qi?
i?i i?2b2 i2`Kb- r?B+? `2 M Q`/2` Q7 K;MBim/2 bKHH2` i?M i?2 Qi?2` irQ i2`Kb- `2
bB;M}+MiHv /Bz2`2Mi iQ x2`Q BM im`#mH2Mi ~Qrb M/ i?i i?2v `2 +`m+BH 7Q` +QMi`QHHBM;
i?2 KmHiB7`+iH #2?pBQm`X
PM i?2 Qi?2` ?M/- i?2`2 `2 BKTQ`iMi `2b2`+? [m2biBQMb i?i QM2 KB;?i b22F iQ
//`2bb r?2`2 i?2 ?vTQi?2bBb +QM+2`Mb //BiBQMH T`QT2`iB2b Q7  bB;MH- +QM/BiBQM2/
QM  ;Bp2M KmHiB7`+iH bi`m+im`2X AM r?B+? +b2- i?2 6Qm`B2`@/QKBM `M/QKBbiBQM i
ρ = 0 BM :q_ /Q2b MQi T`QpB/2 M QTiBKH bi`iBM; TQBMi 7Q` MHvbBb- M/  M2r 7Q`K
Q7 bm``Q;i2 ;2M2`iBQM H;Q`Bi?K Bb M22/2/X M 2tKTH2 Q7 bm+? MHvb2b i?i Bb Q7
T`+iB+H `2H2pM+2 BM  MmK#2` Q7 }2H/b- BM+Hm/BM; 2+QMQT?vbB+b- Bb i?2 2ti2Mi iQ r?B+?
i?2 KmHiB7`+iHBiv Bb +QmTH2/ iQ i?2 pHm2b Q7 i?2 bB;MH Bib2H7X A7 i?Bb Bb i?2 +b2- T`2/B+iBQM
Q7 BMi2`KBii2Mi 2p2Mib Bb TQi2MiBHHv 7+BHBii2/X LQi2 iQQ i?i bm+? T`Q+2bb2b `2 MQ HQM;2`
Dmbi KmHiB7`+iH T`Q+2bb2b 2p2M i?Qm;? i?2v ?p2  K2bm`#H2 KmHiB7`+iHBivX AMbi2/-
T`Q+2bb2b r?2`2 i?2`2 Bb bQK2 7mM+iBQMH `2HiBQM #2ir22M i?2 >ƺH/2` 2tTQM2Mib- αp Q7i?2 bB;MH M/ i?2 bB;MH Bib2H7 `2 i2`K2/ b2H7@`2;mHiBM; T`Q+2bb2b (jd- j3- jN)X
:Bp2M i?2 bi`iBM; TQBMi Q7 M H;Q`Bi?K i?i T`2b2`p2b i?2 KmHiB7`+iH bi`m+im`2 Q7
i?2 /i #mi ;2M2`i2b MQ bB;MB}+Mi +QmTHBM; #2ir22M i?2 αp(t) M/ i?2 pHm2b Q7 i?2 iBK2b2`B2b- y- 2t+2Ti #v +?M+2-  T`Q+2/m`2 bBKBH` iQ :q_ +M #2 7Q`KmHi2/X q2 i2`K i?Bb
:`/mH JmHiB7`+iH _2+QMbi`m+iBQM Q` :J_ M/ Bi #mBH/b mT Mv bm+?  +QmTHBM; BM 
bvbi2KiB+ rvX >2M+2- i?2 `2HiBp2 bi`2M;i? Q7 b2H7@`2;mHiBQM Kv #2 /2}M2/ BM i2`Kb
Q7  i?`2b?QH/ pHm2 7Q` i?2 +QMi`QH T`K2i2` 7Q` :J_- φ- i?i /2K`+i2b  +?M;2
7`QK  bB;MB}+Mi /Bz2`2M+2 #2ir22M /i M/ bm``Q;i2b- iQ MQ bB;MB}+Mi /Bz2`2M+2X
*H2`Hv- bm+?  7`K2rQ`F Bb MQi `2bi`B+i2/ iQ i?2 MHvbBb Q7 i?2 /2;`22 Q7 +QmTHBM;
b22M BM b2H7@`2;mHiBM; T`Q+2bb2b- #mi Bb bm{+B2MiHv ;2M2`B+ iQ T2`KBi i?2 MHvbBb Q7 Mv
j
?B;?2` Q`/2` T`QT2`iv Q7  iBK2 b2`B2b +QM/BiBQM2/ QM i?2 KmHiB7`+iH bi`m+im`2X >2M+2-
MQi?2` TQi2MiBH TTHB+iBQM rQmH/ #2 iQ i?2 bim/v Q7 Qb+BHHiBM; bBM;mH`BiB2b BM iBK2
b2`B2b (9y- 9R- 9k- 9j)- rBi? :J_ #H2 iQ /2i2+i /Bz2`2M+2b #2ir22M i?2 MmK#2` Q`
bi`2M;i? Q7 bm+? Qb+BHHiBQMbX >Qr2p2`- i?2 7Q+mb Q7 i?Bb TT2` Bb i?2 /2p2HQTK2Mi Q7
i?2 :J_ 7`K2rQ`F M/ Bib miBHBiv 7Q` MHvbBM; b2H7@`2;mHiBQM BM }MM+BH K`F2ibX
JQ`2 bT2+B}+HHv- ?pBM; 7Q`KmHi2/ :J_ r2 bim/v i?2 /2;`22 Q7 b2H7@`2;mHiBQM BM i?2
HQ;@`2im`Mb 7`QK 2B;?i BMi2`MiBQMH }MM+BH BM/B+2b M/ +QMbB/2` i?2 ;2Q;`T?v Q7 i?2
BMi2`+QMM2+i2/ }MM+BH bvbi2K QM i?2 #bBb Q7 Qm` `2bmHibX
kX :`/mH KmHiB7`+iH `2+QMbi`m+iBQM U:J_V
 /2+/2 ;Q- M H;Q`Bi?K rb T`QTQb2/ 7Q` ;2M2`iBM; bm``Q;i2 /i i?i `2bT2+ib
i?2 KmHiB7`+iH +?`+i2`BbiB+b Q7  /i b2i (99)X JQ`2 `2+2MiHv- r2 ?p2 T`QTQb2/ M
H;Q`Bi?K i?i ;Q2b 7m`i?2` M/ b22Fb iQ MQi K2`2Hv `2THB+i2 i?2 /Bbi`B#miBQM 7mM+iBQM Q7
i?2 >ƺH/2` 2tTQM2Mib- #mi i?2B` HQ+H pHm2bX h?Bb M2r H;Q`Bi?K HbQ 7mH}Hb i?2 +QMbi`BMi
BM i?2 a+?`2B#2` M/ a+?KBix H;Q`Bi?K i?i i?2 ?BbiQ;`K Q7 i?2 Q`B;BMH /i pHm2b Bb
T`2b2`p2/- r?BH2 HbQ KQ`2 ++m`i2Hv KBKB+FBM; i?2 KmHiB7`+iH +?`+i2`BbiB+b (98)X Ai
Bb i?Bb H;Q`Bi?K i?i r2 mb2 b i?2 #bBb 7Q` :J_- M/ r2 #`B2~v `2+QmMi ?Qr Bi rQ`Fb
?2`2X 6B`bi- ?Qr2p2`- r2 /2}M2 i?2 TQBMirBb2 >ƺH/2` 7mM+iBQM- αp(t)- Q7  iBK2@b2`B2b-r?B+? Bb i?2 [mMiBiv i?i KmHiB7`+iH MHvb2b #b2/ QM bi`m+im`2 7mM+iBQMb (9e- 9d)-
rp2H2i i`Mb7Q`K KQ/mHmb KtBK (k- 93) Q` KmHiB7`+iH /2i`2M/2/ ~m+imiBQM MHvbBb
(9N) b22F iQ +?`+i2`Bx2X q2 i?2M +QMbB/2` ?Qr KmHiB7`+iHBiv Kv #2 /2i2`KBM2/ 7`QK
rp2H2i +Q2{+B2Mib #2+mb2 i?2 T`BM+BTH2 #2?BM/ Qm` #b2 H;Q`Bi?K 7Q` :J_ Bb i?2
+QMbi`BM2/ T?b2 `M/QKBbiBQM Q7 +QKTH2t@pHm2/ rp2H2i +Q2{+B2MibX
kXRX SQBMirBb2 >ƺH/2` 2tTQM2Mib M/ KmHiB7`+iHBiv
:Bp2M  bB;MH- y(t)-  TQbBiBQM BM iBK2- t0- M/ bbmKBM; i?i αp ∈ {0, . . . , 1} UbBM;mH`Bivbi`m+im`2 ;Qp2`M2/ #v }`bi /2`BpiBp2bV- r2 b22F i?2 βp- 7Q` r?B+?
|y(t) − y(t0)| ≤ cp|t − t0|
βp URV
h?2 pHm2 7Q` αp(t0) Bb i?2M i?2 bmT`2KmK Q7 i?Bb b2i Q7 H2;BiBKi2 βp pHm2bX h?2 TQBMirBb2>ƺH/2` 7mM+iBQM Q7 >ƺH/2` b2`B2b Bb i?2M i?2 iBK2 b2`B2b Q7 i?2b2 pHm2b- αp(t)Xh?2 H;Q`Bi?K /2p2HQT2/ #v a+?`2B#2` M/ a+?KBix 7Q` i2biBM; i?2 MQMHBM2` bi`m+@
im`2 Q7 iBK2 b2`B2b (k3) rb i2`K2/ i?2 Bi2`i2/- KTBim/2@/Dmbi2/ 6Qm`B2` i`Mb7Q`K
Q` A6hX AM Q`/2` iQ T`2b2`p2 i?2 Q`B;BMH pHm2b BM i?2 iBK2 b2`B2b- Qm` #b2 H;Q@
`Bi?K HbQ BM+Hm/2b M Bi2`i2/ KTHBim/2 /DmbiK2Mi bi2T- H2/BM; iQ M TT`Q+? r2
i2`K2/ i?2 Bi2`i2/- KTHBim/2 /Dmbi2/ rp2H2i i`Mb7Q`K UAqhV (98)X h?2`2 `2
p2`v bi`QM; bBKBH`BiB2b #2ir22M i?2 bi`m+im`2 Q7 i?2 irQ H;Q`Bi?Kb #mi i?2`2 Bb  7mM@
/K2MiH /Bz2`2M+2, r?BH2 i?2 A6h TT`Q+? Bb #b2/ QM T`2b2`piBQM Q7 6Qm`B2`
KTHBim/2b M/ `M/QKBxiBQM Q7 6Qm`B2` T?b2b- i?2 Aqh Bb #b2/ QM T`2b2`piBQM
Q7 i?2 KTHBim/2b Q7 rp2H2i +Q2{+B2Mib M/ `M/QKBxiBQM Q7 i?2B` T?b2bX b  r2HH@
FMQrM biQ+?biB+ K2i?Q/ 7Q` ;2M2`iBM; KmHiB7`+iH bB;MHb Bb #b2/ QM i?2 ?B2``+?B+H
;2M2`iBQM Q7 rp2H2i +Q2{+B2Mib QM  /v/B+ i`22 i?i `2 i?2M BMp2`i2/ mbBM;  bmBi#H2
`2H@pHm2/ rp2H2i i`Mb7Q`K (Rj)- M/ b i?2 `2H- }`bi /2`BpiBp2@Q7@:mbbBM rp2H2i
i`Mb7Q`K mM/2`TBMb i?2 rp2H2i i`Mb7Q`K KQ/mHmb KtBK TT`Q+? iQ +?`+i2`Bb@
BM; KmHiB7`+iHBiv (k)- r2 +M /QTi  +QKTH2t@pHm2/ rp2H2i i`Mb7Q`K M/ `2iBM i?2
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rp2H2i KTHBim/2b r?BH2 `M/QKBbBM; i?2 T?b2b iQ T`2b2`p2 i?2 >ƺH/2` 7mM+iBQMX h?Bb
Bb MHQ;Qmb iQ i?2 `2i2MiBQM Q7 6Qm`B2` KTHBim/2b M/ `M/QKBbiBQM Q7 T?b2b BM i?2
A6hX E2v +QM+2Tib BM rp2H2i@#b2/ KmHiB7`+iH MHvbBb `2 `2pB2r2/ #v o2Mm;QTH
2i HX (d) r?BH2 Ki?2KiB+H /2iBHb `2 ;Bp2M #v Cz`/ (8y)X h?2 F2v B/2 7QHHQrb 7`QK
i?2 6`Bb+?@S`BbB +QMD2+im`2 (9e) i?i
D(αp) = min
m
(αpm − ξm + 1). UkV
h?mb- i?2 bBM;mH`Biv bT2+i`mK i?i +?`+i2`Bb2b i?2 b2i Q7 >ƺH/2` 2tTQM2Mib BM i?2
bB;MH- D(αp)- Bb ;Bp2M #v M BMp2`b2 G2;2M/`2 i`Mb7Q`K BMpQHpBM; KQK2Mi Q`/2` m- M/
ξm i?2 bi`m+im`2 7mM+iBQM 7Q` i?2 iBK2 b2`B2b 7Q` KQK2Mi- mX :Bp2M irQ pHm2b 7Q` i?2iBK2 b2`B2b- yt M/ yt+τ- i?2 bi`m+im`2 7mM+iBQM Bb ;Bp2M #v
⟨|yt − yt+τ|
m⟩ ∝ |τ|ξm . UjV
qBi?  rp2H2i i`Mb7Q`K T`QpB/BM;  KmHiB`2bQHmiBQM MHvbBb b  7mM+iBQM Q7 i?2 b+H2-
j- U bm``Q;i2 7Q` τV M/ i?2 +Q2{+B2Mib Q7  }`bi /2`BpiBp2@Q7@:mbbBM rp2H2i i
b+H2 j +?`+i2`BbBM; i?2 BM+`2K2Mib- wt, j ∼ |yt − yt+τ| i?2M 7QHHQrBM; Cz`/ URNNdV- B7 r2`2 +HQb2 iQ  bBM;mH`Biv Q7 Q`/2` αp- r2 rBHH }M/ i?i BM  rBM/Qr- |τ|- i?i i?2 HQ+H#2?pBQm` b+H2b b
|yt+τ − yt |
m ≈ |τ|αpn. U9V
qBi?  /BK2MbBQM iQ i?2b2 bBM;mH`BiB2b Q7 D(αp) i?2`2 `2 TT`QtBKi2Hv |τ|−D(αp) #Qt2brBi? bBx2 |τ| i?i +Qp2` i?2 bB;MHX >2M+2- i?2 +QMi`B#miBQM Q7 i?Bb bBM;mH`Biv iQ i?2
BMi2;`H mb2/ iQ 2pHmi2 i?2 bi`m+im`2 7mM+iBQM ⟨|yt−yt+τ|m⟩ Bb TT`QtBKi2Hv |τ|αpm+1−D(αp)Xh?2 F2v `2bmHi iQ HBMF i?2 wt, j iQ i?2 BM+`2K2Mib 2tTHB+BiHv Bb i?2 T`iBiBQM 7mM+iBQM (8R)-r?B+? 7Q` i?2 rp2H2i i`Mb7Q`K KQ/mHmb KtBK K2i?Q/ (k)- Bb ;Bp2M #v
Z(q, j) =
∑
ℓ
|w( j, ξℓ)|
q, U8V
r?2`2 q ∈ ℜ Bb  b2H2+i2/ TQr2` i?i K2bm`2b i?2 b+HBM; #2?pBQm` Q7 Z(q, j)- ξ Bb 
KtBKmK Q7 i?2 rp2H2i i`Mb7Q`K KQ/mHmb KtBK- M/ ℓ Bb M BM/2t 7Q` i?2b2 KtBKX
a+HBM; 2tTQM2Mib `2 +H+mHi2/ #v
ϕ(q) = lim inf
j→0
HQ; Z(q, j)
HQ; j , UeV
M/ i?2b2 b+HBM; 2tTQM2Mib +M #2 `2Hi2/ iQ i?2 bmTTQ`i Q7 i?2 KmHiB7`+iH /Bbi`B#miBQM
pB  G2;2M/`2 i`Mb7Q`K (93- 8y),
ϕ(q) = KBM[q(αp + 1/2) − D(αp)]. UdV
kXkX h?2 #b2 H;Q`Bi?K 7Q` :J_ @ i?2 Aqh H;Q`Bi?K
h?2 F2v B/2 mM/2`TBMMBM; i?2 Aqh Bb i?2`27Q`2 i?2 T?b2@`M/QKBxiBQM Q7 +QKTH2t@
pHm2/ rp2H2i +Q2{+B2MibX h?2 MHviB+ bB;MH Q7 bQK2 `2H bB;MH- y(t) Bb ;Bp2M #v
ya(t) = y(t) + i y(H)(t)- r?2`2 y(H)(t) Bb i?2 >BH#2`i i`Mb7Q`K Q7 y(t)- r?B+? Bb  +QMpQHmiBQMQT2`iQ` rBi?  }Hi2` ;Bp2M #v h(t) = 1/(π t),
y(H)(t) =
∫ ∞
−∞
h(β) y(t − θ)dβ. U3V
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"2+mb2 i?2 6Qm`B2` i`Mb7Q`K Q7 h(tV HB2b +QKTH2i2Hv BM i?2 BK;BM`v THM2- Bi 7QHHQrb
i?i  >BH#2`i i`Mb7Q`K TT`Q+? +M #2 mb2/ iQ T2`7Q`K  +QKTH2t@pHm2/ rp2H2i
i`Mb7Q`KX  TB` Q7 /v/B+ rp2H2i i`22b Kv #2 /2bB;M2/ iQ 7Q`K  >BH#2`i i`Mb7Q`K
TB` (8k) M/ r2 2KTHQv i?2 /mH@i`22 +QKTH2t /Bb+`2i2 rp2H2i i`Mb7Q`K (8j- 89)X :Bp2M
irQ }Hi2`b g(t) M/ h(t) M/ i?2B` 6Qm`B2` i`Mb7Q`Kb G(ω) M/ H(ω) i?2M Bi Kv #2 b?QrM
i?i B7 G(ω) = H(ω)e−iω/2 7Q` |ω| < π i?2M i?2B` bbQ+Bi2/ rp2H2ib 7Q`K  >BH#2`i TB`
(88)- r?B+? +M #2 +?B2p2/ 7Q` Q`i?Q;QMH rp2H2ib #v Qzb2iiBM; i?2 b+HBM; }Hi2`b #v
QM2 ?H7 bKTH2X AM Q`/2` iQ ++QKTHBb? i?Bb QT2`iBQM 2z2+iBp2Hv- EBM;b#m`v T`QTQb2/
i?2 Z@b?B7i /mH i`22 r?2`2- #2HQr i?2 +Q`b2bi b+H2- HH }Hi2`b `2 2p2M H2M;i?- #mi MQ
HQM;2` HBM2` BM T?b2 (8j)X "v /2bB;MBM; i?2 }Hi2`b iQ ?p2  /2Hv Q7 1
4
bKTH2 M/
#v mbBM; i?2 iBK2 `2p2`b2 Q7 QM2 b2i Q7 }Hi2`b BM i?2 Qi?2` i`22- i?2 `2[mB`2/ 1
2
bKTH2
/2Hv +M #2 +?B2p2/X AM i?Bb TT2` r2 mb2 bvKK2i`B+- #BQi?Q;QMH }Hi2`b rBi? bmTTQ`i
rB/i?b Q7 Rj M/ RN pHm2b 7Q` i?2 }`bi H2p2H Q7 i?2 H;Q`Bi?K M/ Z@b?B7i }Hi2`b rBi? 
bmTTQ`i Q7 R9 pHm2b 7Q` HH Qi?2` H2p2Hb QM i?2 /mH i`22X h?2 Z@b?B7i /mH i`22 TT`Q+?
`2iBMb T`QT2`iB2b i?i KF2 mM/2+BKi2/ i`Mb7Q`Kb /pMi;2Qmb 7Q` mb2 BM bm``Q;i2
;2M2`iBQM- bm+? b b?B7i BMp`BM+2 (8e)- #mi i  +QKTmiiBQMH +Qbi i?i Bb K2`2Hv /Qm#H2
i?i 7Q`  biM/`/ /Bb+`2i2 rp2H2i i`Mb7Q`K U.qhVX
h?2 Aqh H;Q`Bi?K Kv MQr #2 bii2/X :Bp2M  bB;MH- y(t) Q7 H2M;i? N = 2J,
RX lM/2`iF2 i?2 /mH@i`22 +QKTH2t .qh M/ Q#iBM KTHBim/2b- Ak, j M/ T?b2b-
ωk, j Qp2` HH J b+H2b 7Q` i?2 k = 1, . . . , 2J− j +QKTH2t pHm2/ w(0)k, j i 2+? jc
kX _M/QKHv bQ`i i?2 Q`B;BMH iBK2 b2`B2b iQ ;Bp2  iBK2@b2`B2b- z(0)c
jX hF2 Bib /mH@i`22 +QKTH2t .qh iQ /2`Bp2 `M/QKBb2/ rp2H2i T?b2b- ω(0)
k, j
7Q` 2+?
b+H2 M/ TQbBiBQMc
9X S`Q/m+2 M2r w(1)
k, j
#v +QK#BMBM; i?2 Q`B;BMH KTHBim/2b rBi? i?2 `M/QKBb2/ T?b2b,
w
(1)
k, j
= Ak, j2tT(iω(0)k, j) UNV
8X Ai2`i2 i?2 7QHHQrBM; bi2Tb mMiBH  +QMp2`;2M+2 +`Bi2`BQM Bb K2i- r?2`2 i 2+? bi2T-
s,
UV hF2 i?2 BMp2`b2 rp2H2i i`Mb7Q`K iQ ;Bp2  M2r iBK2 b2`B2b- z(s)(t) M/ i?2M
TTHv i?2 KTHBim/2 /DmbiK2Mi bi2T mb2/ BM i?2 A6h H;Q`Bi?K- r?2`2
 KTTBM; Bb 2bi#HBb?2/ #2ir22M y(t) M/ z(s)(t) #v `MF@Q`/2` Ki+?BM; iQ
T2`KBi i?2 pHm2b Q7 z(s) iQ #2 `2TH+2/ #v i?2 pHm2 BM y(t) rBi? i?2 bK2 `MFc
U#V hF2 i?2 /mH@i`22 +QKTH2t .qh M/ Q#iBM i?2 M2r T?b2b- ω(s)
k, j
X *QK#BM2
i?2b2 rBi? i?2 Q`B;BMH KTHBim/2b- Ak, j iQ ;Bp2 i?2 w(s+1)j,k mbBM; i?2 sǶi? Bi2`i2/p`BMi Q7 2[X UNVX
kXjX _2H2pMi T`BM+BTH2b 7`QK ;`/mH rp2H2i `2+QMbi`m+iBQM
:Bp2M i?2 Aqh #b2 KQ/2H (98)- BMbi2/ Q7 i?2 A6h (k3)- i?2 2i?Qb Q7 :J_ Bb
i?2 bK2 b i?i 7Q` :q_X >2M+2- i?2 F2v T`BM+BTH2b mM/2`TBMMBM; :q_ `2 bii2/,
X  +QMi`QH T`K2i2` Uρ 7Q` :q_V /2}M2b  +QMiBMmmK #2ir22M y U6Qm`B2` T?b2
`M/QKBb2/ /iV M/ R Ui?2 Q`B;BMH /iVc
e
#X am``Q;i2 /i `2 /2`Bp2/ 7Q` p`BQmb +?QB+2b Q7 ρ mbBM;  KtBKH Qp2`HT /Bb+`2i2
rp2H2i i`Mb7Q`K (8d)c
+X q2 2tT`2bb ρ b  T`QTQ`iBQM Q7 i?2 iQiH 2M2`;v +QMi2Mi- E- Q7 i?2 rp2H2i +Q2{@
+B2Mib Q7 bB;MH,
Eρ =
N∑
k=1
J∑
j=1
|wk, j|
2. URyV
Ai Bb BKTQ`iMi iQ MQi2 i?i rBi? bm+? M mM/2+BKi2/ i`Mb7Q`K- 2+? wk, j ?b i?2bK2 r2B;?i BM i?2 MHvbBb M/ i?2`2 `2  iQiH Q7 J × N +Q2{+B2MibX qBi? HH
|wk, j|
2 TH+2/ BM /2b+2M/BM; `MF Q`/2` UrBi? i?2B` TQbBiBQM BM/2t2/ #v rV- r2 b22F
i?2 bKHH2bi pHm2 7Q` r bm+? i?i
∑J×N
r=1 |wr |
2
Eρ
≥ ρ; URRV
/X h?2b2 +Q2{+B2Mib `2 }t2/ BM TH+2 BM i?2 i2KTHi2 Q7 rp2H2i +Q2{+B2Mib M/ i?2
Qi?2`b `2 `M/QKBb2/ 7Q` 2+? b+H2- j BM im`M BM M MHQ;Qmb rv iQ i?2 A6h
H;Q`Bi?K #mi TTHB2/ BM i?2 rp2H2i /QKBM (8e- jy)c
2X h?2 BMp2`b2 rp2H2i i`Mb7Q`K Q7 i?Bb b2i Q7 +Q2{+B2Mib i?2M ;Bp2b  iBK2@b2`B2b rBi?
 +QMbi`BM2/ /2;`22 Q7 T?b2 `M/QKBbiBQMc
7X qBi?  b2i Q7 bmBi#Hv +QMbi`BM2/ bm``Q;i2 iBK2 b2`B2b i /Bz2`2Mi ρ- ;Bp2M  K2i`B+
7Q` MQMHBM2`Biv Q` KmHiB7`+iHBiv- i?2 pHm2 7Q` i?2 /i Bb +QKT`2/ iQ i?i 7Q`
i?2 bm``Q;i2bX h?2 pHm2b 7Q` ρ i?i vB2H/ MQ bB;MB}+Mi /Bz2`2M+2 M/ i?Qb2 r?2`2
i?2`2 Bb  bB;MB}+Mi /Bz2`2M+2 `2 /2HBKBi2/X
M 2tKTH2 Q7 ;`/mH rp2H2i `2+QMbi`m+iBQM 7Q` i?2 BM+`2K2Mi bF2rM2bb Q7 i?2 ?2B;?i
Q7 #2/@7Q`Kb /p2+i2/ #2M2i?  T`Q#2 BM  ?v/`mHB+ ~mK2 (jk) Bb ;Bp2M BM 6B;X RX
h?2 br@iQQi? Mim`2 Q7 i?2b2 #2/@7Q`Kb Bb M BMi`BMbB+ T`i Q7 i?2B` KQ`T?QHQ;v M/ Bb
/2bi`Qv2/ BM i?2 A6h bm``Q;i2b i ρ = 0X 6Q` 0.6 ≤ ρ < 0.9 i?2`2 Bb  bm//2M BM+`2b2
BM i?2 BM+`2K2Mi bF2rM2bb b i?2 b+H2b Q7 72im`2b `2bTQMbB#H2 7Q` i?2 br@iQQi? Tii2`M
#2;BM iQ ;2i ǵHQ+F2/ BMǶ iQ i?2 bm``Q;i2bX am#b2[m2Mi MHvbBb b?Qr2/ i?i i?2b2 72im`2b
r2`2 `BTTH2@HBF2 T2`im`#iBQMb bBiiBM; QM iQT Q7 i?2 T`BK`v #2/ 7Q`K (jk)X 6Q` ρ ≥ 0.9
i?2`2 `2 KBMBKH /Bz2`2M+2b #2ir22M /i M/ bm``Q;i2bX lM/2`iFBM; bBKBH` MHvb2b
7Q` /Bz2`2Mi ri2` /Bb+?`;2b Ub  bm``Q;i2 p`B#H2 7Q` ?v/`mHB+ 7Q`+BM;V b?Qr2/ i?i
i?Bb i?`2b?QH/ pHm2 7Q` ρ BM+`2b2/ rBi? /Bb+?`;2X
kX9X h?2 :J_ H;Q`Bi?K
6`QK kXk M/ kXj i?2 F2v bT2+ib Q7 i?2 :J_ H;Q`Bi?K `2 TT`2Mi, q2 rBHH /2}M2
 +QMi`QH T`K2i2` Uφ BMbi2/ Q7 ρV M/ rBi? i?2 Aqh H;Q`Bi?K mb2/ iQ TQTmHi2
φ = 0 bm``Q;i2b- r2 rBHH KQ/B7v i?Bb H;Q`Bi?K iQ BM+`2bBM;Hv }t i?2 BM TH+2 i?2 rp2H2i
T?b2 BM7Q`KiBQM mMiBH- i φ = 1- MQ `M/QKBbiBQM Bb TQbbB#H2 M/ r2 `2+Qp2` i?2 Q`B;BMH
/i 2t+iHvX >2M+2- i?2 }MH T`i iQ i?2 H;Q`Bi?K Bb i?2 7Q`KmHiBQM Q7 i?2 K2Mb iQ
}t BM TH+2 i?2 T?b2 BM7Q`KiBQMX >2`2 r2 /`r mTQM bQK2 Q7 i?2 +QM+2Tib T`2pBQmbHv
d
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6B;m`2 R, , :`/mH rp2H2i `2+QMbi`m+iBQM Q7 i?2 MQ`KHBx2/ BM+`2K2Mi bF2rM2bb 7Q` 2H2piBQMb Q7 
ri2`@rQ`F2/ #2/ +`2i2/ BM  ?v/`mHB+ ~mK2 (jk) rBi?  ri2` /Bb+?`;2- Q- Q7 Reyy H b−1X h?2 iBK2
BM+`2K2Mi Q7 b2T`iBQM Bb 8b- Q` QM2 bKTHBM; BMi2`pHX b Bb i?2 +b2 i?`Qm;?Qmi i?Bb bim/v- #QtTHQib
b?Qr i?2 K2/BM pHm2 7Q` i?2 bm``Q;i2b U?2pv HBM2V- i?2 }`bi M/ i?B`/ [m`iBH2b U2/;2b Q7 i?2 #QtV-
rBi? r?BbF2`b 2ti2M/BM; mT iQ i?2 HBKBi 7Q` i?2 bm``Q;i2b Q` RX8 iBK2b i?2 BMi2`[m`iBH2 /2pBiBQMX oHm2b
QmibB/2 i?Bb HBKBi `2 b?QrM b +`Qbb2bX AM Q`/2` iQ `2THB+i2 i?2 Q#b2`p2/ /2;`22 Q7 BM+`2K2Mi bF2rM2bb-
;Bp2M #v i?2 ?Q`BxQMiH /Qii2/ HBM2-  i?`2b?QH/ Q7 ρthresh = 0.90 Bb `2[mB`2/X h?2b2 `2bmHib `2 2ti`+i2/7`QK 6B;X d Q7 E2vHQ+F- *X CX- X aBM;?- M/ 1X 6Qm7QmH@:2Q`;BQm UkyR9V- h?2 +QKTH2tBiv Q7 ;`p2H
#2/ `Bp2` iQTQ;`T?v 2tKBM2/ rBi? ;`/mH rp2H2i `2+QMbi`m+iBQM- CX :2QT?vbX _2bX 1`i? am`7X- RRN-
e3kĜdyy- /QB,RyXRyykfkyRjC6yykNNN U+QTv`B;?i K2`B+M :2QT?vbB+H lMBQMV M/ `2 `2T`Q/m+2/ rBi?
i?2 T2`KBbbBQM Q7 i?2 :lX
/QTi2/ BM :q_- #mi M22/ iQ KQ/B7v i?2 2M2`;v K2bm`2 iQ ++QmMi 7Q` i?2 /2+BKi2/
Mim`2 Q7 i?2 /mH i`22 +QKTH2t i`Mb7Q`K,
Eφ =
K∑
k=1
J∑
j=1
|wk, j|
2
2 j
URkV
h?i Bb- rBi? j = 1, . . . , J b+H2b- i?2`2 `2 K = 2J− j +Q2{+B2Mib i 2+? b+H2- K2MBM; i?i
KQ`2 2M2`;v rBHH #2 bbQ+Bi2/ rBi? 2+? wk, j QM p2`;2 i i?2 H`;2` j- M2+2bbBiiBM;i?2 BMi`Q/m+iBQM Q7 i?2 /2MQKBMiQ`X "v  bBKBH` `MFBM; T`Q+2/m`2 iQ URRV r2 Kv
i?2M b22F i?2 bKHH2bi r bm+? i?i ∑K×Nr=1 |wr |2
Eφ
≥ φX h?Bb b2H2+i2/ b2i Q7 wk, j `2 }t2/ BM
TH+2 QM i?2 rp2H2i +Q2{+B2Mi i2KTHi2- r?BH2 i?2 Qi?2`b `2 T?b2 `M/QKBb2/ mbBM;
2[X UNVX >2M+2- r?BH2 HH wm
k, j
BM i?2 Aqh H;Q`Bi?K ?p2 i?2 bK2 KTHBim/2b b i?2
Q`B;BMH wk, j- i?2 /2;`22 Q7 T?b2 `M/QKBbiBQM `2/m+2b b φ BM+`2b2b M/ i?2 MmK#2`Q7 +Q2{+B2Mib 2t+22/BM; i?2 2M2`;v +`Bi2`BQM BM+`2b2bX
jX TTHB+iBQM iQ bim/vBM; }MM+BH BM/B+2b b b2H7@`2;mHiBM; T`Q+2bb2b
q2 bim/v i?2 MQ`KHBx2/ HQ;@`2im`Mb Q7 i?2 +HQbBM; T`B+2b 7`QK 2B;?i BMi2`MiBQMH
}MM+BH BM/B+2b M/ ii2KTi iQ TH+2 +QM}/2M+2 QM Mv Q#b2`p2/ +QmTHBM; #2ir22M i?2
3
h#H2 R, h?2 +HQbBM; T`B+2 BM/B+2b bim/B2b BM i?Bb TT2` mbBM; :J_X
AM/2t *QmMi`v ⟨−→y (t)⟩ σ[−→y (t)]
×10−3 ×10−3
P_. mbi`HB yXye 9Xj
"a1 a2Mb2t AM/B yXRN eX8
:.s :2`KMv yXy8 eXd
>M; a2M; *?BM yXyk eX8
CEa1 *QKTQbBi2 JHvbB yXkk eXR
La.Z Ryy la yXyk dXe
LBFF2B kk8 CTM yXyR eX3
aiM/`/ M/ SQQ`Ƕb 8yy la yXy9 8X9
`2im`Mb- y(t) M/ i?2B` TQBMirBb2 >ƺH/2` 2tTQM2Mib- αp(t) mbBM; :J_X q2 +QMbB/2` irQK2bm`2b Q7 Mv bm+? `2HiBQM, i?2 +`Qbb@+Q``2HiBQM #2ir22M y(t) M/ αp(t)c M/- i?2>BH#2`i@i`Mb7Q`K@#b2/ T?b2 /Bz2`2M+2X qBi? N = 4096 /vb BM 2+? +b2- i?2 +`Qbb@
+Q``2HiBQM 7mM+iBQM rBHH #2 Q7 H2M;i? 2N − 1 M/ i?2 T?b2 /Bz2`2M+2 iBK2@b2`B2b rBHH #2
Q7 H2M;i? NX q2 i?2`27Q`2 M22/  bmKK`v K2i`B+ Q` b2i Q7 K2i`B+b i?i +?`+i2`Bx2
i?2b2 K2bm`2bX b /2iBH2/ #2HQr- r2 mb2 i?2 KtBKmK M/ KBMBKmK pHm2b Q7 i?2
+`Qbb@+Q``2HiBQM 7mM+iBQM 7Q` i?2 7Q`K2` +b2- M/ i?2 K2M M/ bF2rM2bb Q7 i?2 T?b2
/Bz2`2M+2 /Bbi`B#miBQM BM i?2 Hii2` +b2X AM i?Bb b2+iBQM r2 /2iBH i?2 +H+mHiBQM T`Q+2@
/m`2b TTHB2/ iQ i?2 /i M/ :J_ bm``Q;i2bX h?2 `2bmHib Q7 i?2 MHvbBb `2 +QMbB/2`2/
BM b2+iBQM 9X
jXRX h?2 BM/B+2b M/ +H+mHiBQM Q7 MQ`KHBx2/ HQ;@`2im`Mb
h?2 2B;?i }MM+BH BM/B+2b 2tKBM2/ BM i?Bb bim/v `2 HBbi2/ BM h#H2 R iQ;2i?2`
rBi? biiBbiB+H KQK2Mib #27Q`2 MQ`KHBxiBQMX AM 2+? +b2- r2 iQQF i?2 +HQbBM; T`B+2b
7`QK 8i? a2Ti2K#2` kyyy iQ R8i? .2+2K#2` kyRe- iQ ;Bp2 9yNd pHm2bX q2 Q#iBM i?2
MQ`KHBx2/ HQ; `2im`Mb- y/(t)- (83) ++Q`/BM; iQ
−→y (t) = ln[y(t + ∆)/y(t)]
y/(t) =
−→y (t) − ⟨−→y (t)⟩
σ[−→y (t)]
, URjV
r?2`2 i?2 M;H2 #`+2b BM/B+i2  iBK2 p2`;2- σ[...] Bb i?2 biM/`/ /2pBiBQM Q7 i?2
p`B#H2 M/ r2 b2i ∆ iQ QM2 /vX h?2b2 /i `2 b?QrM BM 6B;XkX
S`2pBQmb rQ`F QM i?2 MHvbBb Q7 K`F2i 2{+B2M+v rBi? KmHiBTH2 BM/B+2b Qp2`  bBKBH`
iBK2 T2`BQ/ ?b /2KQMbi`i2/  +?M;2 BM i?2 >ƺH/2` 2tTQM2Mi rBi? i?2 kyy3 +?M;2
BM K`F2i +QM/BiBQMb 7Q` #Qi? +Q`TQ`i2 #QM/ BM/B+2b M/ bQp2`2B;M #QM/ BM/B+2b (8N)X
>2M+2- Qm` bim/v 2tTHQ`2b  +QKTH2K2Mi`v ?vTQi?2bBb `2;`/BM;  +?M;2 BM +QmTHBM;
#2ir22M >ƺH/2` 2tTQM2Mi M/ pHm2b 7Q` i?2 HQ;@`2im`MbX
jXkX >ƺH/2` 2tTQM2Mi 2biBKiBQM- M/ K2bm`2b M/ K2i`B+b Q7 i?2 MQ`KHBx2/ HQ;@`2im`Mb
h?2 K2i?Q/ r2 mb2 iQ /2`Bp2 αp(t) Bb  iBK2@/QKBM K2i?Q/ (ey) i?i ?b b22M b2p2`HTTHB+iBQMb iQ MQMHBM2` iBK2@b2`B2b (eR- ek) M/ 7QHHQrb 7`QK i?2 7Q`K Q7 2[X URV, r2
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6B;m`2 k, h?2 MQ`KHBx2/ HQ; `2im`Mb- y/(t) 7Q` i?2 2B;?i BM/B+2b +QMbB/2`2/ BM i?Bb bim/vX
mM/2`iF2  HQ;@HQ; `2;`2bbBQM Q7 i?2 bB;MH Qb+BHHiBQMb- OT±τ- rBi?BM bQK2 /BbiM+2 τ Q7
T ;BMbi τ- r?2`2 OT±τ Bb ;Bp2M #v,
OT±τ = Kt (yt∈(T−τ,...,T+τ)) −KBM (yt∈(T−τ,...,T+τ)) UR9V
M/ τ Bb /Bbi`B#mi2/ HQ;`Bi?KB+HHv U7`QK 21 iQ 210 BM i?Bb bim/vVX
6B;m`2 j BHHmbi`i2b i?2 MQ`KHBx2/ HQ;@`2im`Mb- y/(t) M/ i?2 ++QKTMvBM; >ƺH/2`
2tTQM2Mib- αp(t) 7Q` i?2 La.Z Ryy BM/2t 7Q` φ ∈ {0.0, 0.3, 0.6} Ubm``Q;i2 /i ;Bp2Mb ;`2v HBM2bVX qBi? i?2 Q`B;BMH /i U#H+F HBM2bV- #v /2}MBiBQM i φ = 1.0 7Qm` TT`Qt@
BKi2Hv 2[mH bm#@/BpBbBQMb Q7 φ 7Q` i?2 bm``Q;i2b `2 b?QrM Qp2` i?2 T2`KBii2/ `M;2X
h?2 b2H2+i2/ `2;BQM Q7 i?2 /i ?B;?HB;?ib i?2 kyy3 +`b?X LQi2 i?i i?2 αp(t) `2 `2THB@+i2/ 2ti`2K2Hv r2HH 7Q` HH φ- r?B+? Bb i?2 2bb2MiBH T`QT2`iv Q7 i?2 Aqh H;Q`Bi?KX
b rBi? i?2 A6h H;Q`Bi?K- i?Bb Bb MQi [mBi2 T2`72+i #2+mb2 Q7 i?2 BKTQbBiBQM Q7 i?2
Q`B;BMH /i pHm2b 7QHHQrBM; i?2 BMp2`b2 i`Mb7Q`K (k3)X b φ BM+`2b2b- i?2 y/(t) #2+QK2
KQ`2 bBKBH` iQ i?2 Q`B;BMH pHm2bX PM2 +M b22 i?i i?2 TQbBiBp2 bTBF2 i t = 2047 /vb
Bb M2;iBp2 BM i?2 bm``Q;i2b U/Qii2/ HBM2V 7Q` φ = 0X b φ BM+`2b2b- i?2 bB;M Ui φ = 0.3V
M/ i?2M b?T2 Ui φ = 0.6V Q7 i?Bb 72im`2 Bb `2THB+i2/ BM i?2 bm``Q;i2bX
AM Q`/2` iQ +?`+i2`Bx2 i?2 `2HiBQM #2ir22M i?2 y/(t) M/ i?2 αp(t)- r2 mb2 irQ/Bz2`2Mi K2bm`2b, i?2 +`Qbb@+Q``2HiBQM 7mM+iBQM M/ i?2 T?b2 /Bz2`2M+2bX h?2 7Q`K2`
Bb ;Bp2M 7Q`  H; iBK2- τ #v
R(τ) =
N−1∑
τ=−(N−1)
(y/(t + τ) − ⟨y/⟩)(αp(t) − ⟨αp⟩)
σ(y/)σ(αp)
. UR8V
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6B;m`2 j, , :`/mH KmHiB7`+iH `2+QMbi`m+iBQM H;Q`Bi?K TTHB2/ iQ i?2 La.Z Ryy BM/2t 7Q` i?`22
+?QB+2b Q7 φ- b?QrBM; i?2 +2Mi`H `2;BQM Q7 i?2 9yNe pHm2b- M/ i?2 +`b? Q7 kyy3X h?2 H27i ?M/ +QHmKM
b?Qrb i?2 MQ`KHBx2/ HQ;@`2im`Mb- y/(t) M/ i?2 `B;?i@?M/ +QHmKM i?2B` αp(t) U#H+F HBM2bV r?BH2 i?2 ;`2vHBM2b `2 i?2 bm``Q;i2 b2`B2b rBi? i?2 K2/BM +QMp2`;2M+2 2``Q`X h?2 bm``Q;i2 b2`B2b `2 Qzb2i p2`iB+HHv
#v @R8 BM i?2 H27i@?M/ +QHmKM M/ @yXR BM i?2 `B;?i@?M/ +QHmKMX h?2 p2`iB+H /Qii2/ HBM2 i t = 2047 Bb
/Bb+mbb2/ BM i?2 i2tiX
h?2 K2i`B+b r2 /QTi BM i?Bb bim/v iQ bmKK`Bx2 i?2 #2?pBQm` Q7 i?Bb K2bm`2 `2 i?2
KtBKmK M/ KBMBKmK Q7 R(τ) Qp2` HH 2N − 1 pHm2b 7Q` τ- r?B+? r2 /2MQi2 #v RmaxM/ Rmin- `2bT2+iBp2HvXPm` T?b2 /Bz2`2M+2 TT`Q+? mb2b i?2 >BH#2`i i`Mb7Q`K U3V iQ Q#iBM +QKTH2t pHm2/
p`BMib Q7 i?2 y/ M/ +Q``2bTQM/BM; αpX h?mb- i?2 T?b2b 7Q` Qm` irQ bB;MHb `2
ψy(t) = iM−1 y
/
(H)
(t)
y/(t)
ψα(t) = iM−1 αp(H)(t)
αp(t)
, UReV
rBi? i?2B` /Bz2`2M+2 ;Bp2M #v θ(t) = ψy − ψαX h?2 K2i`B+b r2 /QTi 7Q` i?Bb `2 #b2/ QMi?2 }`bi UK2MV M/ i?B`/ UbF2rM2bbV KQK2Mib Q7 i?2 /Bbi`B#miBQM 7mM+iBQM- p(θ)X
9X _2bmHib
9XRX *Q``2HiBQM bi`m+im`2 BM i?2 /i bmKK`Bb2/ mbBM; T`QT2` Q`i?Q;QMH /2+QKTQbBiBQM
USP.V
q2 2tKBM2 i?2 +Q``2HiBQM bi`m+im`2 BM i?2 /i mbBM; T`QT2` Q`i?Q;QMH /2+QK@
TQbBiBQMf T`BM+BTH +QKTQM2Mib MHvbBb (ej- e9) b  K2Mb iQ bmKK`Bx2 `2HiBQMb #2@
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6B;m`2 9, , S`QT2` P`i?Q;QMH .2+QKTQbBiBQM USP.V Q7 i?2 MQ`KHBx2/ HQ; `2im`Mb UiQT `QrV M/
i?2 >ƺH/2` b2`B2b U#QiiQK `QrV Q7 i?2 2B;?i BM/B+2b MHvb2/ BM i?Bb TT2`X h?2 SP. Bb #b2/ QM i?2
+Q``2HiBQM Ki`Bt M/ i?2 }`bi i?`22 +QKTQM2Mib `2 b?QrM- 2tTHBMBM; 9NXeW Q7 i?2 iQiH p`BM+2 7Q`
i?2 `2im`Mb M/ 3eXeW 7Q` i?2 >ƺH/2` b2`B2bX
ir22M BM/B+2bX HH BM/B+2b `2 H`2/v bmBi#Hv MQ`KHBx2/ 7Q`  +Q``2HiBQM `i?2` i?M
+Qp`BM+2@#b2/ MHvbBb b b?QrM BM URjVX q2 HQQF2/ i i?2 BMi2`@`2HiBQMb #2ir22M
i?2 `2im`Mb M/ #2ir22M i?2 >ƺH/2` 7mM+iBQMb BM i?2 iQT M/ #QiiQK `Qrb Q7 6B;X 9-
`2bT2+iBp2HvX h?2 +Q``2HiBQMb r2`2 bi`QM;2` BM i?2 Hii2` +b2 b `2~2+i2/ BM i?2 ?B;?2`
T`QTQ`iBQM Q7 i?2 iQiH p`BM+2 ++QmMi2/ 7Q` BM i?2 }`bi i?`22 +QKTQM2MibX h?2 }`bi
+QKTQM2Mi BM i?2 iQT `Qr Q7 6B;X 9 +H2`Hv b2T`i2b i?2 irQ K2`B+M BM/B+2b 7`QK i?2
Qi?2`b- r?BH2 +QKTQM2Mi k +QMi`bib i?2 LBFF2B M/ "a1 rBi? i?2 >M; a2M; UM/ CEa1
iQ  H2bb2` 2ti2MiVX h?2 i?B`/ +QKTQM2Mi BM i?2 iQT `Qr- M/ iQ  H2bb2` 2ti2Mi- i?2
b2+QM/- ?B;?HB;?ib `2HiBQMb #2ir22M i?2 :2`KM :.s M/ mbi`HBM P_. BM/B+2bX
h?2 }`bi irQ +QKTQM2Mib Q7 i?2 >ƺH/2` SP. BbQHi2 i?Bb Hii2` BM/2t b T`iB+mH`Hv
/BbiBM+i- rBi? i?2 H`;2bi K;MBim/2 pHm2b QM +QKTQM2Mi R ;BM #2BM; i?2 +HQb2Hv +Q`@
`2Hi2/ K2`B+M BM/B+2bX >Qr2p2`- i?2 :.s M/ >M; a2M; BM/B+2b `2 MQi /BbbBKBH`
iQ i?2 K2`B+M BM/B+2b QM i?Bb +QKTQM2MiX *QKTQM2Mi k +QMi`bib i?2 mbi`HBM M/
CTM2b2 BM/B+2b- r?BH2 +QKTQM2Mi j +QMi`bib i?2 bKHH bBM K`F2ib U"a1 M/ CEa1V
rBi? i?2 1m`QT2M U:.sV M/- iQ  H2bb2` 2ti2Mi- K2`B+M K`F2ibX >2M+2- Qp2` #Qi?
7Q`Kb Q7 +HbbB}+iBQM- M/ i?2 }`bi i?`22 +QKTQM2Mib- HH i?2 /Bz2`2Mi BM/B+2b- 2t+2Ti
i?2 irQ 7`QK i?2 la- +M #2 b2T`i2/ QM bQK2 +QK#BMiBQM Q7 t2bX
9XkX *`Qbb@+Q``2HiBQMb #2ir22M MQ`KHBx2/ HQ;@`2im`Mb M/ >ƺH/2` b2`B2b
6B;m`2 8 b?Qrb i?2 +`Qbb@+Q``2HiBQM 7mM+iBQM UBM #H+FV 7Q` 7Qm` Q7 i?2 2B;?i BM/B+2b-
rBi? `2bmHib b?QrM 7Q` i?`22 iBK2 b2`B2b rBM/Qrb- +Q``2bTQM/BM; iQ i?2 T2`BQ/b #27Q`2-
/m`BM; M/ 7i2` i?2 biQ+F K`F2i +`b? Q7 kyy3X h?2 2[mBpH2Mi 7mM+iBQMb 7Q` 2+? Q7
i?2 i?B`iv MBM2 bm``Q;i2 /ib2ib Bb b?QrM BM ;`2v- r?2`2 φ = 0 UBX2X i?2 ;2M2`iBQM Bb
#b2/ QM i?2 Aqh H;Q`Bi?K (98)VX AM MQM2 Q7 i?2b2 +b2b- Q` 7Q` i?2 2B;?i BM/B+2b- rb
i?2 KBMBKmK Q7 R(τ)- Rmin- H2bb i?M i?2 pHm2b 7Q` i?2 bm``Q;i2b- BM/B+iBM; i?2`2 Bb MQRk
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6B;m`2 8, h?2 +`Qbb@+Q``2HiBQM 7mM+iBQMb- R(τ) UBM #H+FV 7Q` 7Qm` Q7 i?2 2B;?i BM/B+2b M/ i?`22 /Bz2`2Mi
iBK2 rBM/QrbX h?2 +`Qbb@+Q``2HiBQM 7mM+iBQMb 7Q` 2+? Q7 i?2 jN bm``Q;i2b ;2M2`i2/ i φ = 0 `2 b?QrM
b ;`2v HBM2b BM 2+? TM2HX h?2 `M;2 Q7 pHm2b b?QrM 7Q` i?2 H;- τ +Q``2bTQM/ iQ ±  v2` Q7 i`/BM;X
bB;MB}+Mi M2;iBp2 +Q``2HiBQM #2ir22M i?2 y/ M/ αp(t)X h?Bb Bb BMi2`2biBM; #2+mb2 i?2KtBKmK M/ KBMBKmK Q#b2`p2/ +`Qbb@+Q``2HiBQMb `2 ;Bp2M BM 6B;X e- M/ M 2z2+i Q7
i?2 +`b? TT2`b iQ #2  bi`QM;2` M2;iBp2 +Q``2HiBQM 7Q` /vb Rjee@kdjR i?M Bb b22M
2Bi?2` #27Q`2 Q` 7i2`r`/bX *H2`Hv- ;Bp2M i?2 pHm2b BM i?2 iBK2 b2`B2b- Bi Bb TQbbB#H2 iQ
`2THB+i2 i?2b2 +Q``2HiBQMb i `M/QK /m`BM; i?Bb T2`BQ/ ;Bp2M i?2 KmHiB7`+iH bi`m+im`2-
r?B+? ?b  bKHH2` >ƺH/2` 2tTQM2Mi QM p2`;2 i?M i?2 2`HB2` M/ Hi2` /i b Bb
/Bb+2`M2/ 7`QK 6B;X kX AM +QMi`bi- bBt bB;MB}+Mi /Bz2`2M+2b 7Q` i?2 KtBKmK pHm2-
Rmax +M #2 b22M BM 6B;X 8 M/ i?2b2 +b2b- HQM; rBi? i?2 i?`22 BMbiM+2b i?i `Qb2 BMi?2 Qi?2` 7Qm` /ib2ib- `2 ?B;?HB;?i2/ #v bQHB/ bvK#QHb BM 6B;XeX
h?2`2 `2 i?`22 T`BK`v bT2+ib Q7 i?2 `2bmHib 7Q` Rmax,
RX h?2`2 Bb MQ bBKTH2 `2HiBQM #2ir22M i?2 K;MBim/2 Q7 Rmax M/ r?2i?2` Q` MQi i?2Q#b2`p2/ `2bmHi Bb bB;MB}+Mic
kX h?2 irQ K2`B+M BM/B+2b 2t?B#Bi  bBKBH` #2?pBQm`- rBi? MQ bB;MB}+Mi Rmax #2@7Q`2 i?2 +`b?- M/ i?2M  bB;MB}+Mi Rmax 2K2`;BM; /m`BM; i?2 +`b? M/ T2`bBbiBM;7i2`r`/bc M/-
jX h?2 i?`22 bKHH2bi K`F2ib UP_.- "a1 a2Mb2t- CEa1 +QKTQbBi2V ?/ i?2 ?B;?2bi
Rmax #27Q`2 i?2 +`b? UirQ Q7 r?B+? r2`2 bB;MB}+MiV- r?BH2 bBM+2 i?2 +`b?- i?2 irQlXaX BM/B+2b ?p2 i?2 H`;2bi UM/ bB;MB}+MiV RmaxX
P7 +Qm`b2- HH /i ?p2 /Bz2`2Mi miQ+Q``2HiBQM b+H2b 7Q` #Qi? i?2 HQ; `2im`Mb M/ i?2B`
>ƺH/2` 2tTQM2Mib- bQ i?2 }`bi +QM+HmbBQM Bb MQi mM2tT2+i2/X >Qr2p2`- MQi2 i?i- 7Q` 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6B;m`2 e, oHm2b 7Q` i?2 KtBKmK M/ KBMBKmK Q7 i?2 +`Qbb@+Q``2HiBQM 7mM+iBQM b  7mM+iBQM Q7 2+?
BM/2t M/ i?`22 MQM@Qp2`HTTBM; rBM/Qrb rBi?  iBK2 #b2 Q7 Rje8 Q` Rjee /vbX aQHB/ bvK#QHb UQ` 7Q`
i?2 +b2 Q7 i?2 CEa1 BM/2t- Qmi2` +B`+H2bV BM/B+i2 i?i  bB;MB}+Mi /Bz2`2M+2 rb /2i2`KBM2/ i φ = 0X
h?2 }`bi pHm2 7Q` φ i r?B+? Rmax 7Q` i?2 bm``Q;i2b 2t+22/b i?i 7Q` i?2 /i UφthreshV Bb bii2/ M2ti iQi?2b2 TQBMibX
;Bp2M rBM/Qr QM i?2 /i- i?2`2 Bb  `2HiBQM #2ir22M Rmax M/ φthresh- i?2 pHm2 Q7 φ 7`QKi?2 :J_ i r?B+?  bB;MB}+Mi /Bz2`2M+2 Bb MQ HQM;2` Q#b2`p2/X h?2 b2+QM/ +QM+HmbBQM
Bb mb27mH #2+mb2 r2 rQmH/ 2tT2+i i?i i?2 La.Z Ryy M/ aS 8yy BM/B+2b 2t?B#Bi
bBKBH` #2?pBQm` #2+mb2 i?2v `2 i`vBM; iQ +?`+i2`Bb2 i?2 bK2 K`F2i- M/ i?2 SP.
MHvb2b /2KQMbi`i2/ i?Bb 2KTB`B+HHvX >2M+2- i?Bb `2bmHi BM/B+i2b  +2`iBM `Q#mbiM2bb
iQ Qm` K2i?Q/X LQi2 iQQ i?i i?2b2 pHm2b 7Q` Rmax bBM+2 i?2 +`b? `2- HQM; rBi? i?2CEa1 pHm2 #27Q`2 i?2 +`b?- i?2 KQbi bB;MB}+Mi ++Q`/BM; iQ :J_X h?2 La.Z
pHm2 7Q` Rmax 2t+22/b i?i 7Q` i?2 KtBKmK Q7 i?2 bm``Q;i2b 2p2M i φ = 0.99 BM i?2KQbi `2+2Mi T2`BQ/X
 /BbiBM+i 72im`2 Q7 i?2 `2bmHib 7Q` i?2 bKHH2` bBM K`F2ib BM T`iB+mH`- r?B+? Bb
b22M BM 6B;X 8 7Q` i?2 CEa1 BM/2t- Bb i?2 2tBbi2M+2 Q7  b2+QM/`v T2F iQ i?2 +`Qbb@
+Q``2HiBQM 7mM+iBQM i M2;iBp2 τ BM i?2 KB//H2 /i rBM/Qr- r?B+? Bb MQi b22M BM i?2
mbi`HBM- 1m`QT2M Q` K2`B+M K`F2ibX HH i?2 KB//H2 rBM/Qr R(τ) 7mM+iBQMb `2
;Bp2M BM 6B;X d- rBi? i?2 bBM K`F2ib BM i?2 `B;?i@?M/ +QHmKMX h?Bb 72im`2 Bb p2`v
T`QKBM2Mi BM i?2 "a1 M/ CEa1 BM/B+2b i τ ∼ −150 /vb- rBi?  H2bb T`QMQmM+2/
Q++m``2M+2 BM i?2 H`;2` >M; a2M; M/ LBFF2B BM/B+2b i τ ∼ −150X
9XjX S?b2 /Bz2`2M+2b #2ir22M MQ`KHBx2/ HQ;@`2im`Mb M/ >ƺH/2` b2`B2b
>BbiQ;`Kb 7Q` i?2 T?b2 /Bz2`2M+2b #2ir22M i?2 y/ M/ i?2 αp(t) `2 ;Bp2M BM 6B;X3 7Q` 2+? Q7 i?2 i?`22 /i rBM/QrbX 6Q` i?2 >M; a2M;- La.Z- aS 8yy M/- iQ
 H2bb2` 2ti2Mi- i?2 :.s M/ LBFF2B- #27Q`2 i?2 +`b? i?2`2 Bb  p2`v #`Q/ T2F iQ
i?2 θ pHm2b 2ti2M/BM; 7`QK 0 < θ < π UbQHB/ #H+F HBM2bVX .m`BM; i?2 +`b?- i?2 /2;`22
Q7 bF2rM2bb /`QTb ;BpBM; M HKQbi bvKK2i`B+H /Bbi`B#miBQM rBi?  KQ/2 i θ ∼ 0 7Q`
i?2 bKHH2` K`F2ib UP_.- "a1- CEa1V M/ bHB;?iHv TQbBiBp2 7Q` i?2 Qi?2` +b2bX JQ`2
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6B;m`2 d, h?2 +`Qbb@+Q``2HiBQM 7mM+iBQMb 7Q` i?2 KB//H2 rBM/Qr U/vb Rjee@kdjRV 7Q` HH 2B;?i BM/B+2bX
h?2 bBM K`F2ib `2 BM i?2 `B;?i@?M/ +QHmKMX
`2+2MiHv- i?2 T?b2 /Bz2`2M+2b `2 T`BK`BHv M2;iBp2 7Q` i?2 bBM M/ K2`B+M K`F2ib-
rBi? i?Bb i2M/2M+v H2bb +H2` BM i?2 P_. M/ :.s K`F2ibX
h?2b2 Q#b2`piBQMb bm;;2bi i?i i?2 K2M M/ bF2rM2bb Q7 θ `2 mb27mH i2bi biiBbiB+b
iQ bim/v i?2 bB;MB}+M+2 Q7 i?2b2 Tii2`Mb mbBM; :J_X aB;MB}+Mi /Bz2`2M+2b 7Q` i?2
K2M Q7 θ i φ = 0 r2`2 7QmM/ 7Q` i?2 KB//H2 rBM/Qr Q7 i?2 aS 8yy BM/2t M/ i?2
KB//H2 M/ Hii2` rBM/Qr 7Q` i?2 LBFF2B kk8 BM/2tX h?2b2 /Bz2`2M+2b 7Q` i?2 LBFF2B BM/2t
r2`2 `2bQHp2/ #v φ = 0.1 b Bb b?QrM #v i?2 7mHH :J_ Q7 i?2b2 +b2b BM 6B;X N- r?BH2 i?i
7Q` i?2 aS 8yy T2`bBbi2/ mMiBH φ = 0.9X
6Q` i?2 T?b2 bF2rM2bb- bB;MB}+Mi /Bz2`2M+2b r2`2 Q#b2`p2/ 7Q` i?2 :.s BM/2t
7Q` i?2 }`bi M/ b2+QM/ iBK2 T2`BQ/b Uφthresh = 0.7- φthresh = 0.95- `2bT2+iBp2HvV- i?2 KQbi`2+2Mi T2`BQ/ 7Q` i?2 CEa1 *QKTQbBi2 Uφthresh = 0.3V- i?2 KB//H2 T2`BQ/ 7Q` i?2 LBFF2B kk8BM/2t Uφthresh = 0.1V- M/ i?2M i?2 KQbi `2+2Mi irQ T2`BQ/b 7Q` i?2 irQ K2`B+M BM/B+2bXh?2 7mHH :J_ 7Q` i?2b2 irQ +b2b Bb b?QrM BM 6B;X Ry M/ i?2 #b2M+2 Q7  bB;MB}+Mi
/Bz2`2M+2 7Q` i?2 }`bi iBK2 T2`BQ/ BM #Qi? +b2b Bb +H2`X _2bmHib 7Q` i?2 T2`BQ/ Q7 i?2
+`b? TT2` [mHBiiBp2Hv bBKBH` i }`bi ;HM+2- rBi? i?2 #QtTHQib +QMp2`;BM; QM i?2
bF2rM2bb Q7 i?2 /i #v φ = 0.8 7Q` i?2 La.Z Ryy BM/2t M/ φ = 0.95 7Q` i?2 aS 8yy
BM/2tX >Qr2p2`- 7Q` i?2 Hii2` +b2- i?2`2 Bb M QmiHB2` bm``Q;i2 /ib2i i φ = 0.3 i?i
iiBMb i?2 bF2rM2bb BM i?2 /iX 6Q` i?2 KQbi `2+2Mi iBK2 T2`BQ/- /Bz2`2M+2b T2`bBbi i
φ = 0.99 M/ r?i i?2 bm``Q;i2 b2`B2b b?Qr 7Q` #Qi? Q7 i?2b2 BM/B+2b Bb i?i- +QM/BiBQM2/
QM i?2 Q#b2`p2/ KmHiB7`+iH bi`m+im`2- i?2 MiB+BTi2/ bF2rM2bb Q7 i?2 T?b2 /Bz2`2M+2b
Bb TQbBiBp2 7Q` MQi Dmbi `M/QK /i pHm2b Uφ = 0.0V- #mi HbQ rBi?  H`;2 T`QTQ`iBQM Q7
i?2 rp2H2i 2M2`;v }t2/ BM TH+2X AM +QMi`bi- i?2 Q#b2`piBQMb ?p2  M2;iBp2 bF2rM2bbX
6BMHHv- r2 +QMbB/2` i?2 :J_ Q7 i?2 T?b2 /Bz2`2M+2 bF2rM2bb +H+mHi2/ Qp2` i?2 7mHH
9yNe /vb `i?2` i?M BM i?2 i?`22 rBM/Qrb mb2/ T`2pBQmbHvX q2 `2 #H2 iQ /2KQMbi`i2
 K`F2/ ;2Q;`T?v iQ i?2 `2bmHib b Bb b?QrM #v +QMi`biBM; i?2 7Qm` b2ib Q7 `2bmHib BM
6B;X RR rBi? i?Qb2 BM 6B;X RkX 6Q` i?2 CEa1 *QKTQbBi2 M/ "a1 a2Mb2t BM/B+2b r2
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6B;m`2 3, >BbiQ;`Kb 7Q` i?2 T?b2 /Bz2`2M+2b- θ 7Q` i?2 2B;?i BM/B+2bX h?2 #H+F bQHB/- #H+F /Qii2/ M/
i?BM ;`2v HBM2b +Q``2bTQM/ iQ MHvbBb Qp2` /vb R@Rje8- Rjee@kdjR M/ kdjk@9yNe- `2bT2+iBp2HvX
b22 BM 6B;X RR i?i i?2`2 Bb MQ bB;MB}+Mi /Bz2`2M+2 #2ir22M i?2 θ bF2rM2bb pHm2b i
φ = 0 7Q` /i M/ bm``Q;i2bX 6Q` i?2 LBFF2B kk8 M/ >M; a2M; BM/B+2b-  bB;MB}+Mi
/Bz2`2M+2 i φ = 0 /Q2b MQi T2`bBbi M/ Bb #bQ`#2/ #v φthresh = 0.1X >2M+2- i?2 bF2rM2bbQ7 i?2 T?b2 /Bz2`2M+2b Bb 2Bi?2` MQi bB;MB}+Mi Q` bKHH 7Q` i?2 bBM K`F2ibX AM p2`v
+H2` +QMi`bi- i?2 #QiiQK i?`22 `Qrb Q7 6B;X Rk b?Qr i?i i?2`2 Bb  bB;MB}+Mi /Bz2`2M+2
i?i T2`bBbib #2vQM/ φ = 0.99 7Q` i?2 2m`QT2M M/ K2`B+M K`F2ibX h?2 mbi`HBM
+b2 rQmH/ TT2` iQ #2 BMi2`K2/Bi2 BM Mim`2, i φ = 0 Bi Bb TQbbB#H2 iQ ;2M2`i2
QmiHB2` bm``Q;i2b rBi? i?2 TT`QT`Bi2 M2;iBp2 bF2r iQ i?2 T?b2 /Bz2`2M+2bX >Qr2p2`-
BKTQbBiBQM Q7 bQK2 rp2H2i T?b2 bi`m+im`2 `2bmHib BM bB;MB}+Mi /Bz2`2M+2b i?i T2`bBbi
mMiBH φ = 0.95X >Qr i?2b2 /Bz2`2M+2b `2~2+i /Bz2`2M+2b BM i`/BM; #2?pBQm` b r2HH b
i?2 Mim`2 M/ bi`2M;i? Q7 BMi2`@K`F2i +QmTHBM; rQmH/ #2  7b+BMiBM; iQTB+ 7Q` 7mim`2
`2b2`+?X
8X *QM+HmbBQM
h?Bb TT2` ?b 7Q`KmHi2/  7`K2rQ`F 7Q` i2biBM; ?vTQi?2b2b rBi? `2;`/b iQ i?2
+QmTHBM; #2ir22M  iBK2@b2`B2b M/ Bib ++QKTMvBM; b2`B2b Q7 >ƺH/2` 2tTQM2Mib- T?2MQK@
2M i?i ?p2 #22M i2`K2/ b2H7@`2;mHiBM; T`Q+2bb2b (jd- jN)X h?2 7Q`KmHiBQM Bb i2`K2/
;`/mH KmHiB7`+iH `2+QMbi`m+iBQM U:J_V M/ Bb MQi /BbbBKBH` iQ i?2 ;`/mH rp2H2i
`2+QMbi`m+iBQM U:q_V bm``Q;i2 /i TT`Q+? iQ bim/vBM; MQMHBM2`Biv BM iBK2 b2`B2b
(jy)X AM #Qi? +b2b  +QMiBMmmK Bb TQTmHi2/ rBi? bm``Q;i2 /i i?i +QMp2`;2 QM i?2
`2H2pMi T`QT2`iB2b Q7 i?2 Q`B;BMH /i b  +QMi`QH T`K2i2` BM+`2b2b BM pHm2X >Qr@
2p2`- r?BH2 :q_ mb2b i?2 Bi2`i2/- KTHBim/2 /Dmbi2/- 6Qm`B2` i`Mb7Q`K KQ/2H (k3)
iQ TQTmHi2 i?2 T?b2@`M/QKBb2/ 2M/ Q7 i?2 +QMiBMmmK- :J_ mb2b  `2+2Mi H;Q`Bi?K
i?i b2ib i?2 >ƺH/2` b2`B2b b +QMbiMi #mi `M/QKBb2b i?2 rp2H2i T?b2b (98) b i?2 #b2
KQ/2H 7Q` i?2 φ = 0 2M/ Q7 i?2 +QMiBMmmKX h?2 :J_ H;Q`Bi?K i?2M bvbi2KiB+HHv
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6B;m`2 N, :`/mH KmHiB7`+iH `2+QMbi`m+iBQM Q7 i?2 K2M T?b2 /Bz2`2M+2- ⟨θ⟩ 7Q` i?2 LBFF2B kk8 BM/2t
/2i2`KBM2/ 7Q` i?`22 iBK2 T2`BQ/b, /vb R@Rje8- Rjee@kdjR M/ kdjk@9yNe- `2bT2+iBp2HvX
`2/m+2b i?2 /2;`22 Q7 T?b2 `M/QKBbiBQM b φ → 1- mMiBH MQ `M/QKBbiBQM `Bb2b BM i?2
bm``Q;i2b i i?2 HBKBi Q7 φ = 1X h?mb- 7Q`  T`iB+mH` iBK2@b2`B2b r2 Kv bF MQi QMHv Bb
i?2`2  biiBbiBHHv bB;MB}+Mi /2;`22 Q7 +QmTHBM; #2ir22M i?2 iBK2@b2`B2b M/ Bib >ƺH/2`
7mM+iBQM- ;Bp2M i?2 Hii2` M/ i?2 Q`B;BMH /Bbi`B#miBQM Q7 pHm2b 7Q` i?2 7Q`K2`- #mi r2
+M /2i2`KBM2 B7 irQ iBK2@b2`B2b ?p2 /Bz2`2Mi bi`2M;i?b Q7 +QmTHBM; #v +?2+FBM; iQ b22
B7 i?2 pHm2 7Q` φ i r?B+?  bB;MB}+Mi /Bz2`2M+2 MQ HQM;2` `Bb2b UφthreshV Bib2H7 /Bz2`bXPm` 2tKTH2 TTHB+iBQM Bb iQ 9yNe MQ`KHBx2/ HQ; `2im`Mb- y/(t) 7Q` 2B;?i }MM+BH
BM/B+2b 7`QK `QmM/ i?2 ;HQ#2 +2Mi`2/ QM i?2 kyy3 +`b?- M/ i?2B` >ƺH/2` b2`B2b- αp(t)X:J_ ?2HTb mb iQ b?Qr i?i r?BH2 Bi rQmH/ TT2` i?i i?2 KBMBKmK Q7 i?2 +`Qbb@
+Q``2HiBQM #2ir22M y/(t) M/ αp(t) BM+`2b2b BM bi`2M;i? `QmM/ i?2 T2`BQ/ Q7 i?2 +`b?-i?Bb Bb MQi  bB;MB}+Mi 2z2+iX q?i Bb T`iB+mH`Hv bB;MB}+Mi ++Q`/BM; iQ :J_ Bb i?2
i`MbBiBQM 7Q` i?2 irQ la BM/B+2b 7`QK  H+F Q7  bB;MB}+Mi KtBKmK +`Qbb@+Q``2HiBQM
7`QK #27Q`2 i?2 +`b? iQ  p2`v bB;MB}+Mi KtBKmK +`Qbb@+Q``2HiBQM i i?2 T`2b2Mi
iBK2X q?2M i?2 >BH#2`i i`Mb7Q`K@#b2/ T?b2 /Bz2`2M+2 ?BbiQ;`Kb `2 2tKBM2/ i?Bb
Bb b22M b  +?M;2 7`QK  K2M TQbBiBp2 T?b2 /Bz2`2M+2 iQ QM2 r?2`2 i?2 KQ/2 Q7 i?2
/Bbi`B#miBQM Bb +HQb2 iQ x2`Q #mi rBi? bi`QM; M2;iBp2 bF2rX AM/22/- r?BH2 i?2 bm``Q;i2b
i2M/ iQ ;Bp2  TQbBiBp2 bF2rM2bb 7Q` 2p2M ?B;? pHm2b Q7 φ- i?2 Q#b2`p2/ bF2rM2bb 7Q`
HH i?2 K`F2ib- r?2M HH 9yNe /vb `2 +QMbB/2`2/- Bb M2;iBp2X >Qr2p2`- :J_ `2p2Hb
 K`F2/ ;2Q;`T?v iQ i?Bb `2bmHi- rBi? i?Bb M2;iBp2 bF2rM2bb biiBbiB+HHv bB;MB}+Mi
7Q` i?2 :.s- La.Z Ryy M/ aS 8yy BM/B+2b i φ = 0.99- #mi MQi 7Q` i?2 bBM
BM/B+2b #2vQM/ φ = 0.1X h?2 mbi`HBM P_. BM/2t 2t?B#Bib +?`+i2`BbiB+b Q7 #Qi?
`2;BQMb b KB;?i #2 MiB+BTi2/X h?2`2 rQmH/ TT2` iQ #2  r2F K`F2i bBx2 2z2+i b
i?2 LBFF2B kk8 M/ >M; a2M; BM/B+2b `2 i?2 irQ bBM K`F2ib r?2`2 φthresh = 0.1 rBi?
φthresh = 0 7Q` i?2 bKHH2` AM/BM M/ JHvbBM K`F2ibX >Qr2p2`- i?2 `2;BQMH 2z2+i+H2`Hv /QKBMi2b i?Bb `2HiBp2Hv bKHH /Bz2`2M+2X
*QMb2[m2MiHv- r2 +M bm;;2bi i?i :J_ T`QpB/2b  TQi2MiBHHv mb27mH iQQH BM KMv
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6B;m`2 Ry, :`/mH KmHiB7`+iH `2+QMbi`m+iBQM Q7 i?2 bF2rM2bb Q7 i?2 T?b2 /Bz2`2M+2b 7Q` i?2 La.Z
Ryy M/ aS 8yy BM/B+2b M/ 7Q` i?`22 iBK2 T2`BQ/b, /vb R@Rje8- Rjee@kdjR M/ kdjk@9yNe- `2bT2+iBp2HvX
`2b Q7 MQMHBM2` T?vbB+b r?2`2 i?2 bB;MB}+M+2 Q7 Mv TQi2MiBH +QmTHBM; #2ir22M 
iBK2 b2`B2b M/ Bib >ƺH/2` `2;mH`Biv Kv #2 BKTQ`iMi #Qi? 7Q` T`Q+2bb BMbB;?ib M/
7Q` T`2/B+iBM; 2ti`2K2 2p2MibX hm`#mH2M+2 T?vbB+b M/ #BQK2/B+H iBK2 b2`B2b `2 irQ
//BiBQMH }2H/b r?2`2 i?Bb Bb HBF2Hv iQ #2 i?2 +b2 (98)X
eX +FMQrH2/;2K2Mib
h?Bb `2b2`+? rb bmTTQ`i2/ #v L1_* ;`Mi L1f6yy9R8sfR- 1Sa_*:`Mi 1SfEyyde33fR-
M/ _QvH +/2Kv Q7 1M;BM22`BM;fG2p2`?mHK2 a2MBQ` _2b2`+? 62HHQrb?BT Gha_6R8Re@
Rk@3NX
_272`2M+2b
(R) *X J2M2p2m- EX a`22MBpbM- S?vbX _2pX G2iiX 8N URN3dV R9k9ĜR9kdX
(k) CX 6X Jmxv- 1X "+`v- X `MûQ/Q- S?vbX _2pX G2iiX ed URNNRV j8R8Ĝj8R3X
(j) EX JiB- uX b?F2Mxv- >X 1X aiMH2v- 1SG eR UkyyjV 9kkĜ9k3X
(9) aX .`Qx/x- CX ErTB2M- SX PbrB2+BKF- _X _F- 1SG 33 UkyyNV eyyyjX
(8) uX q2B- uX qM;- .X >mM;- S?vbB+  jNy UkyRRV 9keyĜ9kdkX
(e) CX :;MQM- aX GQp2DQv- .X a+?2`ix2`- 1m`QT?vbX G2iiX ek UkyyjV 3yRĜ3ydX
(d) oX o2Mm;QTH- aX :X _Qmt- 1X 6Qm7QmH@:2Q`;BQm- X `M2Q/Q- qi2` _2bQm`X _2bX 9k UkyyeVX
(3) LX a`F`- "X "X *?/?m`B- aB;MH S`Q+2bbX 9k URNN8V R3RĜRNyX
(N) SX *X ApMQp- GX X LX K`H- X GX :QH/#2`;2`- aX >pHBM- JX :X _Qb2M#HmK- wX _X ai`mxBF- >X 1X
aiMH2v- Lim`2 jNN URNNNV 9eRĜ9e8X
(Ry) GX X LX K`H- SX *X ApMQp- LX Qv;B- AX >B/2F- aX hQKQMQ- X GX :QH/#2`;2`- >X1XaiMH2v-
uX uKKQiQ- S?vbX _2pX G2iiX 3e UkyyRV eykeĜeykNX
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6B;m`2 RR, :J_ Q7 i?2 T?b2 /Bz2`2M+2 bF2rM2bb 7Q` i?2 bBM K`F2ib 7Q` HH 9yNe i`/BM; /vb bim/B2/X
(RR) "X JM/2H#`Qi- CX qX pM L2bb- aAJ _2pB2r Ry URNe3V 9kkĜ9jdX
(Rk) _X S2HiB2`- CX Gûpv oû?2H- JmHiB7`+iBQMH "`QrMBM KQiBQM, /2}MBiBQM M/ T`2HBKBM`v `2bmHib-
h2+?MB+H _2TQ`i ke98- AL_A- RNN8X
(Rj) _X "2MxB- GX "B72`H2- X *`BbMiB- :X SH/BM- JX o2`;bbQH- X omHTBMB- S?vbB+ . e8 URNNjV
j8kĜj83X
(R9) X SX Lr`Qi?- CX S2BMF2- S?vbX G2iiX  jey UkyyeV kj9X
(R8) hX .X Jii2Q- ZmMiBiiBp2 6BMM+2 d UkyydV kRĜjeX
(Re) X a2`H2iBb- AX M/`2/Bb- 1M2`;v 1+QMQKB+b ke Ukyy9V j3NĜjNNX
(Rd) CX "`mMBF- hX bi2- hX .B Jii2Q- _X GBm- S?vbB+  jNR UkyRkV 9kj9Ĝ9k8RX
(R3) GX wmMBMQ- "X h#F/- X 6B;HBQH- .X Sû`2x- JX :`p;HB- PX _QbbQ- S?vbB+  j3d Ukyy3V e883Ĝ
e8eeX
(RN) X 6X "`BpB2`- JX "X :m2`+BQ- GX "X J`iBM2x- h?2 1+QMX aQ+X _2pX 98 UkyR9V j9NĜjeNX
(ky) GX *Hp2i- X 6Bb?2`- CX 1+QMQK2i`B+b Ry8 UkyyRV kdĜ83X
(kR) hX Gmt- CX "mbX 1+QMX aiiX ke Ukyy3V RN9ĜkRyX
(kk) CX 6X Jmxv- .X aQ`M2ii2- CX .2HQm`- X `M2Q/Q- ZmMiBiiBp2 6BMM+2 R UkyyRV RjRĜR93X
(kj) uX q2B- SX qM;- S?vbB+  j3d Ukyy3V R838ĜR8NkX
(k9) lX 6`Bb+?- SX GX amH2K- JX L2HFBM- CX 6HmB/ J2+?X 3d URNd3V dRNĜdjeX
(k8) .X a+?2`ix2`- aX GQp2DQv- CX :2QT?vbX _2bX Nk URN3dV NeNjĜNdR9X
(ke) wX a?2- 1X G2p2[m2- S?vbX _2pX G2iiX dk URNN9V jjeĜjjNX
(kd) CX h?2BH2`- aX 1m#MF- X GQM;iBM- "X :H/`BFBM- CX .X 6`K2`- S?vbB+ . 83 URNNkV ddĜN9X
(k3) hX a+?`2B#2`- X a+?KBix- S?vbX _2pX G2iiX dd URNNeV ej8Ĝej3X
(kN) hX a+?`2B#2`- X a+?KBix- S?vbX _2pX 1 88 URNNdV 899jX
(jy) *X CX E2vHQ+F- LQMHBM2` S`Q+X:2QT?vbX Rd UkyRyV eR8ĜejkX
(jR) *X CX E2vHQ+F- S?vbB+ . kk8 UkyydV kRNĜkk3X
(jk) *X CX E2vHQ+F- X aBM;?- 1X 6Qm7QmH@:2Q`;BQm- CX :2QT?vbX _2bX RRN UkyR9V e3kĜdyyX
(jj) *X CX E2vHQ+F- aX LX GM2- EX aX _B+?`/b- CX :2QT?vbX _2bX RRN UkyR9V ke9Ĝk3eX
(j9) *X CX E2vHQ+F- qi2` _2bQm`X _2bX 93 UkyRkVX
(j8) *X CX E2vHQ+F- hX 1X hQFvv- :X *QMbiMiBM2b+m- CX hm`#mHX Rk UkyRRV L98X
(je) *X CX E2vHQ+F- _X ai`2bBM;- CX S2BMF2- S?vbX 6HmB/b kd UkyR8V yk8Ry9X
(jd) PX "``Bĕ`2- X 1+?2H`/- CX Gûpv oû?2H- 1H2+i`QMX CX S`Q#X Rd UkyRkV RĜjyX
(j3) CX Gûpv oû?2H- LQMHBMX S`Q+X :2QT?vbX ky UkyRjV e9jĜe88X
(jN) X 1+?2H`/- CX Gûpv oû?2H- X S?BHBTT2- a+M/X CX aiiX 9k UkyR8V 938Ĝ8yjX
(9y) X `MûQ/Q- 1X "+`v- aX Cz`/- CX 6X Jmxv- CX 6Qm`B2` MHvbX TTHX 9 URNN3V R8NĜRd9X
(9R) 6X LB+QHH2m- CX *X obbBHB+Qb- S?BHX h`MbX _X aQ+X GQM/X- a2`X  j8d URNNNV k9jNĜk98dX
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6B;m`2 Rk, :J_ Q7 i?2 T?b2 /Bz2`2M+2 bF2rM2bb 7Q` i?2 MQM@bBM K`F2ib 7Q` HH 9yNe i`/BM; /vb
bim/B2/X
(9k) CX JX m#`v- aX Cz`/- *QKKX Ji?X S?vbX kkd UkyykV 93jĜ8R9X
(9j) aX a2m`2i- Ji?X L+?`X kdN UkyyeV RRN8ĜRkRRX
(99) JX SHmbÄ- S?vbX _2pX G2iiX RyR Ukyy3V Rj9RyRX
(98) *X CX E2vHQ+F- S?vbX _2pX 1 N8 UkyRdV yjkRkjX
(9e) lX 6`Bb+?- :X S`BbB- BM, JX :?BH- _X "2MxB- :X S`BbB U1/bXV- hm`#mH2M+2 M/ S`2/B+i#BHBiv BM
:2QT?vbB+H 6HmB/ .vMKB+b M/ *HBKi2 .vMKB+b- LQ`i?@>QHHM/- Kbi2`/K- RN38- TTX 39Ĝ33X
(9d) _X "2MxB- aX *BHB#2`iQ- _X h`BTB++BQM2- *X "m/2i- aX am++B- S?vbX _2p 1 93 URNNjV kNX
(93) 1X "+`v- CX Jmxv- X `MûQ/Q- CX aiiX S?vbX dy URNNjV ej8Ĝed9X
(9N) CX qX EMi2H?`/i- aX X wb+?B2;M2`- 1X EQb+B2HMv@"mM/2- aX >pHBM- X "mM/2- >X 1X aiMH2v-
S?vbB+  jRe UkyykV 3dĜRR9X
(8y) aX Cz`/- aAJ CX LmK2`B+H MHX k3 URNNdV N99ĜNN3X
(8R) JX >QHb+?M2B/2`- GǶMHvb2 /ǶQ#D2ib 7`+iHb 2i H2m` i`Mb7Q`KiBQM 2M QM/2H2ii2b- S?X.X i?2bBb- lMBpX
Q7 Bt@J`b2BHH2 AA- J`b2BHH2- 6`M+2- RN3NX
(8k) AX a2H2bMB+F- A111 h`MbX aB;X S`Q+X 8y UkyykV RR99ĜRR8kX
(8j) LX EBM;b#m`v- TTHX *QKTmiX >`KQMX MHX Ry UkyyRV kj9Ĝk8jX
(89) AX a2H2bMB+F- _X "`MBmF- LX EBM;b#m`v- A111 aB;MH S`Q+X J;X kk Ukyy8V RkjX
(88) AX a2H2bMB+F- A111 aB;X S`Q+X G2iiX 3 UkyyRV RdyĜRdjX
(8e) *X CX E2vHQ+F- S?vbX _2pX 1 dj UkyyeV yjedydX
(8d) .X "X S2`+BpH- X hX qH/2M- qp2H2i J2i?Q/b 7Q` hBK2b a2`B2b MHvbBb- *K#`B/;2 lMBp2`bBiv
S`2bb- *K#`B/;2- lXEX- kyyyX
(83) aX EmK`- LX .2Q- S?vbB+  j33 UkyyNVX
(8N) X 6X "`BpB2`- JX "X :m2`+BQ- GX "X J`iBM2x- 1+QMX G2iiX RRe UkyRkV 9keĜ9k3X
(ey) EX EQHrMF`- CX Gûpv oû?2H- CX 6Qm`B2` MHX TTHX 3 UkyykV jRNĜjj9X
(eR) *X CX E2vHQ+F- :2QT?vbX _2bX G2iiX j8 Ukyy3V GRR3y9X
(ek) *X CX E2vHQ+F- EX aX *?M;- :X aX *QMbiMiBM2b+m- CX 6HmB/ J2+?X 3y8 UkyReV e8eĜe38X
(ej) :X "2`FQQx- SX >QHK2b- CX GmKH2v- MMmX _2pX 6HmB/ J2+?X k8 URNNjV 8jNĜd8X
(e9) AX hX CQHHBz2- S`BM+BTH *QKTQM2Mi MHvbBb- aT`BM;2`- "2`HBM- kyykX
ky
